suMMARY To determine if postextrasystolic changes in systolic time intervals can be used to estimate the severity of resting or provocable left ventricular outflow pressure gradient, we studied the cardiac catheterisation records of 42 patients with hypertrophic cardiomyopathy looking for instances of a single premature beat preceded by a control sinus beat and followed by a postpremature sinus beat. There were 75 such instances in 25 patients. In comparison to the control beat, the pre-ejection period in the postpremature beat was shorter by APEP= -20+ 11 ms in 73 of 75 instances, and remained unchanged in two. The ejection time in the postpremature beat was invariably longer by AET=37+20 ms (range: 10 to 85 ms) and the pre-ejection period/ejection time ratio lower than control by A(PEP/ET)= -0-10+0*05 (range: -O001 to -0 25). Total electromechanical systole in the postpremature beat was shorter (11/75), the same (10/75), or longer (53/75) than in the control beat, the overall change being AEMS=18+22 ms. Both APEP and A(PEP/ET) correlated poorly with the systolic peak left ventricular-aortic pressure gradient in either the control beat (Gc) or the postpremature beat (Gx), and also with the change in gradient (AG) from the control to the postpremature beat. In contrast, significant linear correlations were found between AEMS and either Gc, Gx, or AG; and also between AET and either Gc, Gx, or AG. Since internal and external measurements of ejection time are known to be almost identical, the regression equation (AG= 1*65 AET-9) relating AET and AG should be useful for the non-invasive assessment of the magnitude of provocable left ventricular outflow pressure gradient in patients with hypertrophic cardiomyopathy with spontaneous or externally-induced premature beats. 
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Despite a recent surge of interest in the role of rhythm' 2 and compliance34 disturbances in the morbidity and mortality of hypertrophic cardiomyopathy, information concerning the presence and severity of the systolic left ventricular outflow pressure gradient is still considered useful in both the diagnosis and, possibly, the management of this disease. Such information is readily obtainable by cardiac catheterisation, but the invasive nature of this procedure renders it inconvenient for serial observations on either the evolution of the disease or the effectiveness of specific treatment directed at improving or eliminating the gradient. Consequently, a non-invasive method for estimating left ventricular outflow pressure gradient was sought, and several attempts to use either echocardiography5 6 or the systolic time intervals7 to this end have provided Accepted for publication 25 June 1981 encouraging results.
Because of its dynamic nature and pronounced lability, the left ventricular outflow pressure gradient as usually determined at rest can hardly be considered to reflect the actual magnitude of pressure overload borne by the left ventricle under the non-basal conditions of daily activity with the attendant fluctuations of its preload, afterload, and inotropic state. Therefore, the behaviour of the left ventricular outflow pressure gradient under conditions known to aggravate it should be an important consideration in the evaluation and follow-up of patients with this disease.
The purpose of this study is to examine if the effect of postextrasystolic potentiation on the systolic time intervals provides quantitative information on the responsiveness of the left ventricular outflow gradient to positive inotropic stimulation.
Methods
The records of all patients with hypertrophic cardiomyopathy documented by cardiac catheterisation in our institution since 1970 were retrospectively reviewed for the presence of spontaneous or induced premature beats. These beats could be either ventricular or supraventricular, since the inotropic effect of postextrasystolic potentiation is known to be related to the prematurity rather than to the site of origin of the premature beat.8 The criteria used for selection were: (1) absence of congenital shunt lesion or valvular heart disease other than mild mitral or aortic regurgitation (regurgitant fraction <20%); (2) absence of major arrhythmias other than occasional ectopic beats; (3) absence of atrioventricular or interventricular conduction abnormalities except for first degree atrioventricular block or right bundle-branch block, because these have no known effect on the systolic time intervals; (4) absence of left ventricular failure as evidenced by angiographic left ventricular ejection fraction exceeding 0 50; this was necessary because of the prolongation in ejection time known to occur with postextrasystolic potentiation in patients with left ventricular failure9; (5) simultaneous recording in the resting state, and at 50 to 100 mm/s paper speed, of pressure signals from the left ventricle and the aorta, with adequate definition of the onset of the upstroke and the dicrotic notch on the aortic pressure signal to permit measurement of the ejection time; (6) presence of a single premature beat preceded by a (control) sinus beat and followed by a (postpremature) sinus beat; the control beat should not be preceded by another premature beat; (7) to ensure adequate degree of prematurity and also to avoid examining a postpremature sinus beat which occurred soon after the premature beat, thus being premature itself, a coupling ratio (interval between the premature beat and the preceding sinus beat, divided by control RR interval) of <0.90 and a compensatory pause equal to or longer than the control RR interval, were arbitrarily selected as criteria for acceptance. Whenever several events fulfilling the last two criteria were identified during the same study, all were included. Out of 66 studies on 42 patients initially examined, only 27 Peak left ventricular to aortic pressure gradient was the difference between the peak values for left ventricular and central aortic pressures. The systolic time intervals were determined from these pressure signals as previously reported.7 Thus, ejection time was measured from the onset of the rapid upstroke to the nadir of the dicrotic notch on the aortic pressure signal. Whenever the upstroke included an initial slow component followed by a fast component, the point of transition from the slow to the fast component was taken as the onset of ejection. If the transition was gradual, the onset of ejection was taken at the point where a straight line drawn tangentially to the aortic upstroke separated from the latter. The preejection period was measured as the interval from the onset of the QRS complex to the point where the rising left ventricular pressure signal reached the level of end-diastolic aortic pressure. Total electromechanical systole was the numerical sum of pre-ejection period and ejection time. All measurements were made to the nearest 0-5 mm which represented 10 ms for paper speed of 50 mm/s and 5 ms for paper speed of 100 mm/s. Values for these time intervals and their ratio, measured in the control beat, were subtracted from respective measurements in the postpremature beat to provide the respective changes in the preejection period (APEP), ejection time (AET), their ratio (A{PEP/ET}), and total electromechanical systole (,AEMS).
Critique on methods
The use of fluid-filled catheters for recording the left ventricular and aortic pressures introduces error in the measurement of the pre-ejection period, and, hence, pre-ejection period/ejection time ratio and electromechanical systole, while leaving ejection time unaffected. Since the level of aortic end-diastolic pressure is not dependent on the time lag of the aortic catheter, the adopted definition for the termination of the pre-ejection period indicates that the error (prolongation) in pre-ejection period depends only on the transmission delay of the left ventricular catheter-262 group.bmj.com on December 18, 2017 -Published by http://heart.bmj.com/ Downloaded from Assessing HCM by postextrasystolic STI transducer system. If the measured pre-ejection period, true pre-ejection period, and left ventricular catheter system transmission delay in the control beat were represented as PEPc, PEPc', and Dc, and in the postpremature beat as PEPx, PEPx', and Dx, respectively, then:
PEPc' = PEPc -Dc
(1) PEPx' = PEPx -Dx (2) Subtracting (2) from (1) results in:
PEPc' -PEPx' = PEPc -PEPx -(Dc -Dx) or APEP' = APEP -(Dc -Dx) (3) If the transmission delay in the control and the postpremature beat were assumed to be the same, that is Dc = Dx, then equation (3) yields APEP' = APEP, which means that though values for pre-ejection period (and also PEP/ET and EMS) would be somewhat increased, their changes between control and postpremature beat (APEP, A(PEP/ET), AEMS) would remain unaltered. Since correlation here involved changes in, rather than absolute values of, these intervals, the catheter system delay was ignored.
The 
Results
These are listed in detail in Table 1 . A statistical matrix is presented in Table 2 , and typical examples of the effect of postextrasystolic potentiation on systolic time intervals are shown in Fig. 1 and 2 .
In comparison to the control beat, the pre-ejection period on the postpremature beat was found to be shorter in 73 instances and unaltered in the remaining two instances. The amount of abbreviation was APEP= -20± 11 ms (p<0-001), and ranged from 0 to -50 ms. For the ejection time, a prolongation was noted in all 75 instances between the control and the postpremature beat. The amount of prolongation was AET=37±20 ms (p<0.001), ranging from 0 to 85 ms. Without exception, the pre-ejection period/ejection time ratio in the postpremature beat was significantly (p<0-001) lower than in the control beat by A(PEP/ ET)=-0*10+0-05 (range: -0*01 to -0-25). The change in total electrochemical systole in response to the postextrasystolic potentiation was AEMS=18+22 ms (p<0.001).
The left ventricular outflow systolic pressure gradient rose from Gc=35-6+38-9 mmHg (range: 0 to 130 mmHg) in the control beat to Gx=87.8±69.3 mmHg (range: 0 to 224 mmHg) in the postpremature beat, a significant increment of AG=52*2±38.9 mmHg (range: 0 to 146 mmHg).
There was poor correlation between either APEP or A(PEP/ET), and the gradients Gc, Gx, and AG (Table  2 ). In contrast, significant (p<0.001) linear correlations were found between AEMS and either Gc (r=0.483), Gx (r=0-728), or AG (r=0.813); and also between AET and either Gc (r=0-426), Gx (r=0-720), or AG (r=0.855). The linear regression line relating AET and A was (Fig. 3) :
AG=1-65 AET-9 where AG and AET are expressed in mmHg and ms, respectively.
The Brockenbrough sign,'1 a decrease in aortic pulse pressure in the first postpremature beat as compared with the control sinus beat, was seen in only 600/o (45/75) of postextrasystolic potentiation events. The sign was consistently present in nine patients (36%) and consistently absent in eight patients (32%). In the remaining eight patients (32%) it was present in some postextrasystolic potentiation events and absent in others, during the same study.
Discussion
In patients with hypertrophic cardiomyopathy, the lack of correlation between symptoms,'2 rhytlim disturbances,13 and mortality,14 on the one hand, and Because of these considerations, we believe that information on the gradient and its response to provocation is welcome, particularly if it could be procured by non-invasive means. The systolic gradient between the left ventricular and aortic pressures found in hypertrophic cardiomyopathy has been traditionally attributed to dynamic left ventricular outflow "obstruction" ," 16 though it can also be produced by left vertricular cavity "obliteration". '7 18 Despite the fact that the postextrasystolic prolongation of ejection time invariably noted in this study represents a very strong argument supporting the "obstruction" theory, our use of the term "obstruction" need not be construed as denial of the existence of the phenomenon of "obliteration", at least in some patients. This study was not designed to provide evidence for or against either the "obstruction" or the "obliteration" theory. Instead, we attempted to establish whether the effect of the post- The phenomenon of postextrasystolic potentiation has been extensively studied.8 [19] [20] [21] [22] [23] [24] In comparison with the control beat, the first postpremature beat is a "stronger" beat, caused mainly, if not exclusively,23 24 [25] [26] [27] Because of the aforementioned combination of increased left ventricular inotropic state and possibly preload, and the diminished afterload at the onset of ejection, the potentiated beat is characterised by an increased velocity of fibre shortening (ejection rate) which tends to abbreviate the duration of ejection, and by an increased extent of fibre shortening (stroke volume) which tends to prolong the ejection time. In the absence of obstruction to left ventricular ejection, the effect of increased ejection rate predominates and the ejection time shortens or, at least, remains unchanged in the potentiated beat. 9 The opposite, however, may occasionally be the case with the unobstructed but severely failing ventricle where the substantial increase in stroke volume prevails and results in a prolongation in the ejection time. 9 27 In the case of the nonfailing but obstructed ventricle the effect of postextrasystolic potentiation on the duration of ejection is somewhat different. First, the compliance of chronically obstructed ventricles is so diminished that prolongation of diastole beyond normal makes little or no difference to their end-diastolic volume. Second, the end-systolic volume of these ventricles is usually too small to permit a substantial increase in stroke volume by way of a more complete left ventricular emptying in the potentiated beat. As a result, the longer postextrasystolic pause and the increased contractility associated with postextrasystolic potentiation do not translate into a substantial increase in stroke volume in such ventricles. This has been shown in patients with hypertrophic cardiomyopathy whose stroke volume in the potentiated beat was found to be slightly larger,28 the same,2930 or even smaller,2930 as compared with other sinus beats. Given the augmented ejection rate of the potentiated beat, no prolongation of ejection would be expected from such modest changes in stroke volume, were it not for the presence of obstruction to left ventricular outflow with its prolonging effect on the duration of left ventricular ejection.
Although several investigators have studied the effect of certain pharmacological interventions on the duration of ejection in hypertrophic cardiomyopathy we could find only two reports containing observations on the effect of postextrasystolic potentiation on ejection time. In one of these reports a prolongation in ejection time in excess of 20 ms was found in the first postpremature beat over control, in all nine patients with provocable left ventricular outflow obstruction determined by carotid pulse morphology, by mitral group.bmj.com on December 18, 2017 -Published by http://heart.bmj.com/ Downloaded from valve echocardiogram or, in three patients, by pressure recording at catheterisation.31 Because of the small number of catheterised patients, no attempt was made to correlate the prolongation in ejection time with the left ventricular outflow pressure gradient or change in gradient in the postpremature beat. In the other study, a prolongation in ejection time in excess of 20 ms was observed in the first postpremature beat in 11 of 12 patients with hypertrophic cardiomyopathy; in the exceptional patient, no change in ejection time was noted.32 In agreement with these two studies we found prolongation in ejection time in the first postpremature beat in all our patients, ranging from 10 to 85 ms. In addition, we found a significant correlation between the amount of prolongation in ejection time and the magnitude of both the left ventricular outflow pressure gradient in the postpremature beat and the change in gradient in response to this provocation. The fact that such correlation was not found in the series of White and Zimmerman32 could possibly be explained on the basis of two methodological differences between their study and ours. The first difference is the exclusion from our study of patients with mild to moderate left ventricular failure (ejection fraction 0-30-0.50); inasmuch as left ventricular failure is known to affect independently the response of ejection time to postextrasystolic potentiation, the inclusion of such patients in White and Zimmerman's study may have weakened the correlation. The second difference is the larger number of our observations.
Patients with small or no resting pressure gradient but with a large gradient elicited by provocative manoeuvres are likely to develop gradients under non-basal conditions such as the upright posture, muscular exercise, and the spontaneous fluctuations in the amount of circulating catecholamines and, therefore, should not be considered as having a benign form of the disease, at least as far as the left ventricular systolic function is concerned. In fact, in some institutions, their management is the same as that reserved for a patient with severe gradient at rest. 33 Therefore, severe prolongation in ejection time in the postpremature beat in a patient with hypertrophic cardiomyopathy indicates the potential for development of severe obstruction under non-basal conditions, and may provide guidance on the need and extent of treatment specifically directed against it.
In conclusion, this study has shown that in hypertrophic cardiomyopathy, postextrasystolic potentiation results in a significant prolongation in left ventricular ejection time. This prolongation is directly related to the magnitude of both the left ventricular outflow gradient of the potentiated beat and the change in gradient induced by this inotropic intervention. Given the close correspondence between internally and externally measured systolic time intervals,34 the results of this study provide the background for the non-invasive assessment of hypertrophic cardiomyopathy from the response of external systolic time intervals to spontaneous or externally-induced premature contractions. 35 
